I. INTRODUCTION
Organic salts based on strong Coulomb interactions between charged molecules often show noncentrosymmetric packing as, e.g., in 4-dimethylamino-N-methylstilbazolium salts. 1 There are several successful examples of a noncentrosymmetric crystal packing in molecular salts. [2] [3] [4] The material with the largest second-order nonlinearities in this class is 4-N,N-dimethylamino-4Ј-NЈ-methyl-stilbazolium tosylate ͑DAST͒. 4, 5 DAST crystals are very interesting especially for electro-optic applications due to the exceptionally large nonlinear optical susceptibilities and the good alignment of the chromophores in the crystal. [5] [6] [7] The almost electronic origin of the electro-optic effects was confirmed 8 and photorefractive effects in the near infrared were reported. 9 Due to the almost parallel alignment of the stilbazolium cations ͑angle of 20°between the charge-transfer axis and the polar crystal axis a͒ DAST was believed to be less suitable for phase-matched parametric interactions such as, e.g., frequency doubling where in the simplest approximation the chromophores should be arranged at 55°with respect to the polar axis for optimum optical frequency conversion for the most important point groups. 10 In this work, we show that even the unfavorable orientation of the molecules in DAST leads to a large effective phase-matchable nonlinear optical coefficient for sum-and difference-frequency conversion. This is due to a large nonlinear optical coefficient d 212 . We present our results on dispersion measurements of the largest nonlinear optical coefficients d 111 , d 122 , and d 212 and show the potential of DAST for parametric interactions through phase-matched secondharmonic generation experiments around the telecommunication wavelengths at ϭ1300 and 1500 nm. Our experimental results of highly efficient phase-matched frequency doubling at these wavelengths make DAST also an interesting material for cascaded second-order nonlinearities.
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II. NONLINEAR OPTICAL SUSCEPTIBILITIES
The DAST crystals used for the determination of the nonlinear optical susceptibilities d i jk and the type II phase matching measurements described below have been grown by the temperature lowering method.
14 DAST belongs to the point group m. The angles between the dielectric principal axes x 1 and x 3 and the crystallographic axes a and c are 5.4°a nd 3.2°, respectively. 15 The x 2 axis is along the b axis. The polar axis of the crystal is along x 1 
A. Experimental details
The nonlinear optical susceptibilities d i jk were determined by the standard Maker fringe technique. 16 The fundamental wavelengths used for the Maker fringe measurements were ϭ1318 ͓Nd:yttrium aluminum-garnet ͑YAG͒ laser B.M.I., 15 ns, Q switched at 30 Hz͔, 1542 ͑first Stokes-line generated in a high pressure Raman cell filled with methane and pumped by a Surelite Nd:YAG laser at ϭ1064 nm, 7 ns, Q switched at 2 Hz͒, and 1907 nm ͑first Stokes-line generated in a high pressure Raman cell filled with H 2 and pumped by the same laser͒. The measured second-harmonic intensities were corrected for absorption losses using the experimentally determined absorption coefficients, and compared to a quartz reference using the new reference value ͑d 111 ϭ0.29 pm/V at ϭ1318 and 1542 nm, d 111 ϭ0.28 pm/V at ϭ1907 nm, all based on d 111 ϭ0.30 pm/V at ϭ1064 nm 17 and the Miller-␦ 18 to account for the wavelength dispersion͒. The samples used were all c plates ͑ac-cording to the dielectric axis͒ with different thicknesses between 350 and 450 m. The crystals were oriented with their dielectric x 1 axis along the rotation axis of the Maker Fringe experiment. This geometry allowed the determination of the coefficients d 111 , d 122 , and d 212 which are summarized in Table I .
B. Results and discussions
The large diagonal nonlinear optical coefficient d 111 of DAST ͓e.g., d 111 ϭ1040Ϯ110 pm/V at ϭ1318 nm ͑reso- Table I that are approximately equal at 1542 and 1907 nm but differ by almost a factor of two at ϭ1318 nm͒.
A strong resonance enhancement of the nonlinear optical coefficients d 111 and d 122 was found as we approach the absorption region of DAST. The strong absorption anisotropy is favorable for phase-matched second-harmonic generation in the near infrared since one can take advantage of large nonlinear optical coefficients with a second-harmonic polarization in the x 1 Ϫx 3 plane ͑using d 212 at angles of incidence near 45°͒ therefore reducing the absorption at the second harmonic ͑see below͒.
III. PHASE MATCHED PARAMETRIC INTERACTION
Due to the favorable dispersion of the refractive indices of DAST, phase matched second-harmonic generation and parametric generation are possible for types I and II configurations. Using the measured refractive indices, 6, 15 we calculated the directions of the wave vectors k i of the interacting waves in the crystal for which the phase matching conditions are fulfilled: 3 ϭ 1 ϩ 2 and k 3 ϭk 1 ϩk 2 .
For collinear parametric interaction, where all k i are parallel to one another, the phase matching condition is n( 3 ) ϭn( 1 ) 1 ϩn( 2 ) 2 . n( i ) are the refractive indices of the waves of frequency i . The nonlinear polarization for general directions in the crystal can be written as
where d eff is the effective nonlinear optical coefficient, ␣ i are the angles between the electric field vector E of the wave with frequency and the main axis i of the indicatrix. 20, 21 Note, that the walk-off angle between the wave vector and the Poynting vector has been taken into account to calculate the electric field vectors and the ␣ i . Figure 1 shows the propagation directions ͑in spherical coordinates , ͒ for which phase-matched second-harmonic generation occurs in DAST crystals. Due to large birefringence in the transparent spectral region of DAST, noncritical, phase matching cannot be achieved. The optimum conditions for second-harmonic generation in DAST exist for type II phase matching with ϭ0°. As an example, we can cover a wavelength range of 1300-1500 nm with ϭ28°-45°. Figure 2 shows the theoretical values of the phase-matching loci, effective nonlinear optical coefficients, and walk-off angles for ϭ1318 and 1542 nm. For ϭ0°a nd ϭ1318 and 1542 nm, the phase matching angles are ϭ30°and 46°with walk-off angles of ϭ17°and 16°g iving effective nonlinear coefficients of d eff ϭ36.8 and 18.8 pm/V, respectively. The wavelength deviation of d eff to the actual phase-matching experiments presented below ͑ ϭ1313 and 1535 nm͒ can be neglected.
A. Experimental details
We determined the second-harmonic generation efficiency and the effective nonlinear optical coefficient d eff by comparing the phase-matched signals of DAST with those of a KNbO 3 crystal using cw lasers ͓diode pumped cw Nd:YLF laser ͑ADLAS model DPY 203C͒ at 1313 nm and a cw micro laser ͑Amoco model 1.5-EHA͒ at 1535 nm͔ and compared them with our theoretical predictions. According to the phase matching calculations, the DAST crystals were cut with the polished faces perpendicular to the direction ϭ0°and ϭ45°Ϯ2°, ͑101͒ faces, to be able to measure phase-matched second-harmonic generation at the wavelengths ϭ1313 and 1535 nm ͑see below͒ with the same crystals. The crystal thicknesses were varied ͑Lϭ0.480, 18 and phase-matching calculations͒.
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B. Results and discussion
The phase-matching measurements were performed with the lasers described above in the setup shown in Fig. 3 using a lock-in amplifier ͑Stanford Research͒ to measure the second-harmonic signal. The experimental results are summarized in Table II . We measured values of d eff that were more than three times larger ͑ϭ1313 nm͒ and 1.7 times larger ͑ϭ1535 nm͒ than KNbO 3 . Even at ϭ1313 nm, there was no noticeable absorption at the second-harmonic wavelength since the second-harmonic wave is polarized in the x 1 Ϫx 3 plane where no intrinsic absorption is present. Our values are also in good agreement with the ones calculated from the measured nonlinear optical coefficients. The results in Table II lated ones. This arises most likely from the fact that the beam divergence is similar to the acceptance angle for small w 0 leading to a broadening of the phase-matching curves dominated by the beam divergence. For larger w 0 we get the expected dependence of ␦ on the sample thickness and a good agreement between experiment and theory ͑Table II͒.
IV. CONCLUSION
In conclusion, we have determined the nonlinear optical coefficients d 111 , d 122 , and d 212 of the organic salt DAST as a function of wavelength. We have shown that there exist phase-matching configurations for frequency doubling with large effective nonlinear optical coefficients at telecommunication wavelengths which is interesting for applications such as, e.g., the cascading of second-order nonlinearities [11] [12] [13] and optic parametric oscillation. The theoretical calculations were confirmed by the first phase-matched optical frequencydoubling experiments at the telecommunication wavelengths around ϭ1300 and 1500 nm. 
